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ABSTRACT The most influenধal factor in the poor healing of chronic ulcers is replicaধve senescence of fibroblasts that are
unresponsive to TGF-β1 sধmulaধon. Cellular replicaধve senescence can be induced by culধvaধng normal human dermal
fibroblasts (HDFs) in a serum-starved medium. In addiধon, increasing microenviroment mechanical forces by hyaluronic acid
can ameliorate the TGF-β1 signaling of these senescent cells. One of natural resources of hyaluronic acid is bovine vitreous
gel. In order to evaluate the effect of bovine-vitreous gel on replicaধve senescence of fibroblasts, we used various levels
of bovine vitreous gel diluted in Dulbecco’s modified Eagle’s medium to sধmulate cellular acধviধes of serum-starved HDFs.
Those cellular acধviধes were compared to the control media, standardized hyaluronic acid, and to normal HDFs. Our results
show that replicaধve senescence of HDFs treated with 50% bovine vitreous gel exhibited a significantly higher proliferaধon
index, migraধon rate, and collagen deposiধon than those cultured in control media, and they displayed an equal level of
cellular acধvity with the HDFs exposed only to standardized hyaluronic acid. We concluded that bovine vitreous gel can be
used to sধmulate replicaধve senescence of HDFs and therefore a potenধal candidate material to sধmulate healing of chronic
ulcers.
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1. Introducধon
Chronic ulcers have a slow healing rate due to the pre-
dominant presence of replicative senescent fibroblasts on
the ulcer-bed, which exhibit limited in: proliferation abil-
ity, migration, and extracellular matrix synthesis (Mendez
et al. 1998; Harding et al. 2005; Wall et al. 2008; Brem
et al. 2008). Replicative senescent cells may be present
due to inefficient growth factors (GFs), which can result
from low blood supply caused by capillary wall thickening
(arising from diabetes induced microangiopathy) (Chia
and Tang 2014), degradation of GFs by bacterial-biofilm
producing proteases (McCarty et al. 2012), or trapping of
GFs by fibrins of venous stasis (Trent et al. 2005). The
inefficient supply of GFs correspondingly down regulates
expression of the TGF-β1 receptor on the fibroblast mem-
branes (Cowin et al. 2001; Kim et al. 2003).
A later study carried out on human skin fibroblasts
(HDFs) indicated that the improvement of fibroblast ex-
tracellular mechanical supports with hyaluronic acid (HA)
can restore cellular proliferation and extracellular matrix
synthesis in senescent fibroblasts. This change occurs
due to cross-linking between hyaluronic acid and colla-
gen fibrils, which can reinforce fibroblast extracellular me-
chanical support, change fibroblast cellular morphologies,
and ultimately ameliorate the TGF-β1 signaling pathway
(Quan et al. 2013). This in vitro result is parallel with clin-
ical findings where treatment with a hyaluronic regener-
ative matrix indicate significantly acceleration in healing
of chronic ulcers (Motolese et al. 2013).
Mammalian vitreous gel is a special type of highly hy-
drated extracellular matrix composed of interwoven net-
works of macromolecules, such as hyaluronans and col-
lagen fibrils. Importantly, these macromolecules also ex-
hibit little significant quantitative variation among differ-
entmammals (Theocharis et al. 2008), although bovine vit-
reous gel contains higher hyaluronic acid levels than other
sources, such as Streptococcus zooepidemicus or rooster
comb (Shiedlin et al. 2004). Additionally, bovine vit-
reous gel can be obtained from bovine eye-balls, which
are found readily from slaughterhouse waste. Note that
bovine eye balls have never been used as biologic mate-
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rials for the healing of chronic ulcers. Here, we report
the effect of bovine vitreous gel on the cellular activity of
serum-starved inducing replicative senescent HDFs.
2. Materials and methods
The research was approved by the Ethics Committee of
Biomedic Research, Faculty of Medicine, University of
Gadjah Mada, Yogyakarta. HDFs of the fourth passage
were isolated and cultivated from six foreskins of circum-
sized boys (11–13 years old) with informed consent.
2.1. Cell cultures and condiࣅons
HDFs were obtained from the dermis of human foreskins
by the explants technique. After disinfecting the foreskins
with 10% povidone iodine and washing with phosphate
buffered saline (PBS), the epidermis was cut and removed
from the tissue and the dermal layer was minced into
pieces 2-4 mm3 in size. These dermal tissues were then
placed in a culture flask, immersed in Dulbecco’s Modi-
fied Eagle’s Medium (DMEM, Gibco®, USA), containing
10% fetal bovine serum (FBS, Gibco®,USA) and 1% peni-
cillin/streptomycin (Gibco®, USA) at 37°C continuously
until the tissues adhered to the bottom of the flask. The
medium then was changed every 72 h until the 60% of the
HDF-outgrowth could be observed under an inverted mi-
croscope. The cells then were harvested and sub-cultured
until fourth passage.
2.2. Serum-starved HDFs
Artificially-senescent HDFs from each foreskin were
driven by culturing fourth passage of HDFs based on a
previously reported method (Alcorta et al. 1996). Briefly,
200 μL of HDFs suspension of 5  103 cells/mL growth
medium were seeded into each well of 96 well plates. Af-
ter incubation for 24 h at 37°C in a humidified atmosphere
with 5% CO2, the medium was removed, rinsed with
PBS, and cultured in DMEM containing 0.1% FBS. Fur-
thermore, cells were cultured in triplicate-pair in growth
medium and used as standard HDFs. All HDFs cultures
were incubated for 72 h at 37°C with 5% CO2.
2.3. Preparaࣅon of bovine vitreous gel
Six fresh bovine eye-balls were collected from healthy cat-
tle from a licensed slaughterhouse. The eyeballs were re-
trieved immediately after slaughter, and they were individ-
ually placed in tubes containing PBS in an ice box. Each
eyeball was then washed with 10% povidone iodine and
then three times with normal saline. The vitreous gel was
aspirated by the aseptic technique, transferred into a ster-
ile tube, and centrifuged with 200 g for 10 min. The super-
natant was then isolated and stored at 4°C for later use.
2.4. Experiments
All experimental steps are summarized in Figure 1.
FIGURE 1 Summary of the experimental research design. HDFS =
human dermal fibroblasts; AS-HDFS = arধficially-senescent HDFs;
BVG = bovine’s vitreous gel; HA = hyaluronic acid.
After aspirating the medium, the cells were washed
three times with PBS. Subsequently, a 200 μL mixture of
growth medium, dilution medium, 0.0625 mg/mL HA (®
Derma-Kirei-Japan) in dilution medium, and various lev-
els of BVG in dilution medium were added to targeted
cells as illustrated in Figure 1. The cells were incubated
for 72 h at 37°C in a humidified atmosphere with 5% CO2.
All procedures were replicated three times.
2.5. Measurements
2.5.1. Proliferaࣅon index
Cellular viabilities were measured by using a standard-
ized MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide, purchased from MP Biomedicals,
France) assay, and the optical density of formed formazan
blue was measured at a wavelength of 570 nm using a
spectrophotometer.
The proliferation index of normalHDFs was assumed
to be 100% and the proliferation index of various treated
groups was determined as follows:
Proliferation index of treated group
=
Treated group’s cellular viabilities
Paired normal HDF’s cellular viabilities  100%
2.5.2. Collagen deposiࣅon
The quantity of collagen was measured using an insoluble
collagen Sirius Red assay (YERCAN and KUTAY 1999).
The Sirius Red bound to insoluble collagen was dissolved
using 200 μL of 0.5 N NaOH and the optical density was
detected at 570 nm using a spectrophotometer. The col-
lagen deposition of normal HDFs was taken to be 100%
and collagen deposition in various treated groups was de-
termined using the following formula:
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Collagen deposition of treated group
=
Insoluble collagen of treated group
Insolution collagen of paired normal HDFs  100%
2.5.3. Cellular migraࣅon assay
A cellular migration assay was performed based on a
method that was introduced previously by Yarrow et al.
(2004). Cellular migration was computed based on the
method of Liang et al. (2007) with slight modification.
Briefly, after serum starvation all wells were linearly
scratched with the blunt tip of a 32G sterile needle through
the center of the well bottom. After appropriate washing
with PBS for removing scratched cells, the cells were then
cultivated in the experimental medium for 72 h. All cells
on linearly scratched areas were considered as migrated
cells (Figure 2). The cells then were stained with Meyer’s
haematoxylin andmicroscopic photo images were taken in
JPG format using a Moticam 350 (China) camera. By us-
ing Adobe Photoshop, it was possible to identity the blue
pixels of fibroblasts along the scratch line and white pix-
els corresponding to empty space. Cell migration capacity
was determined using the following equation:
Migration
=
Blue color pixel fibroblast along scratch line
Total pixels along scratch line  100%
2.5.4. Staࣅsࣅcs
All data are presented as mean ± standard error. We used
analysis of variance (ANOVA) followed by Least Signif-
icant Difference (LSD) to analyze the migration rate data
and Friedman test followed byWilcoxon as a post-hoc test
to analyze the proliferation index and collagen deposition
data. The level of statistical significance was at p < 0.05.
3. Results
Our experiments showed that serum-starved medium
causes supression of HDF activity, specifically the cell
proliferation index was reduced by 48.52%, collagen de-
position capacity was reduced by 60.50%, and cellular mi-
gration capacity was reduced by 73.25%. Treatment with
hyaluronic acid indicated that those activities can be stim-
ulated up to 59.83%, 82.99%, and 96.80%, respectively
(p < 0.05). Treatment with 50% BVG indicated that pro-
(a) (b) (c)
FIGURE 2 Scratch assay: (a) immediately ađer scratching – no staining; (b) 24 h ađer scratching – hematoxylin eosin; (c) 48 h ađer scratching
– hematoxylin eosin.
(a) (b) (c)
FIGURE3 The acধviধes of serum-starved human dermal fibroblast under BVG-medium: (a) proliferaধon index among various treated groups;
(b) collagen deposiধon capacity among various treated groups; (c) migraধon capacity among various treated groups. * = p < 0.05 compared
with control; N-HDFs = normal human dermal fibroblast; BVG = bovine’s vitreous gel; HA = hyaluronic acid.
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(a) (b) (c)
(d) (e) (f)
FIGURE 4 Scratch assay of 72 h incubaধon: (a) normal HDFs; (b) serum-starved HDFs in control; (c) serum-starved HDFs in HA; (d) serum-
starved HDFs in 12.5% BVG; (e) serum-starved HDFs in 25% BVG; (f) serum-starved HDFs in 50% BVG.
liferation index was raised to 64.41%, Collagen deposi-
tion capacity was to 85.04%, and migration capacity was
to 101.89% significantly (p < 0.05%). These results are
given in Figure 3 and Figure 4.
4. Discussion
Previous research has indicated that fibroblasts cultivated
from chronic ulcer beds may proliferate slowly (Almqvist
et al. 2009). In order to obtain large number of fibrob-
lasts, dermal fibroblasts from young human skin then were
subsequently stimulated toward replicative senescence by
various methods. The simplest method utilized was culti-
vation of monolayer normal fibroblasts in a serum-starved
medium for 72 h (Alcorta et al. 1996). In this condition,
serum restriction was a way to create fibroblasts environ-
ment with limit the GF supply, in an attempt to mimic the
extracellular fluid environment in chronic ulcers.
The characteristic of replicative senescence fibrob-
lasts is decreasing ability of those cells in: proliferation,
migration, and synthesize extracellular matrix of colla-
gen. In our experiment, compared to normal HDFs, serum-
starved fibroblasts exhibited a decreasing of proliferation
index, collagen deposition capacity, and migration capac-
ity. These findings are not only indicated characteristic
of senescence fibroblasts, but they also displayed the char-
acteristics of dermal fibroblasts isolated from the margins
of venous chronic ulcers (Stanley and Osler 2001; Hard-
ing et al. 2005). Previous experiments have also shown
that cultivation of HDFs in a low-serum medium can stim-
ulate replicative senescence in HDFs through decreasing
expression of the membrane-type II receptor of TGF-β1
(Kim et al. 2003).
Our experiments indicate that adding BVG in a low-
serum medium can significantly reactivate serum-starved
HDFs with regard to their proliferation index, collagen de-
position capacity, and migration capacity (p < 0.05), es-
pecially for BVG levels of 25% and 50% (Figure 3). Im-
provement of migration capacities of serum-starved HDFs
in 25% and 50% BVG could be observed 72 h of incuba-
tion (Figure 3 and Figure 4).
Importantly, these findings show that BVG has the
ability to regenerate the function of serum-starved HDFs.
This regeneration occurs because BVG contains high lev-
els of HA (Shiedlin et al. 2004). Indeed, previous a
study showed that HA could enhance fibroblast extracel-
lular structural mechanical supports, change fibroblast cel-
lular morphologies, re-expose of hidden TGF-β1 recep-
tor and ameliorate the TGF-β1 signaling pathway in pro-
collagen synthesis (Quan et al. 2013). As well known pre-
viously, binding TGF-β1 on its receptor may stimulate pro-
collagen synthesis through smad 3 activation. Secreted
pro-collagen is then suffering various events such as hy-
droxylation, glycocylation, and triple helix formation to
perform deposited collagen. Deposition collagen on ex-
tracellular does not only affect extracellular matrix compo-
sition for media for fibroblast migration, but also affects
extracellular mechanical force to change the shape of fi-
broblast become more stretched, TGF-β1 receptor is then
more exposed. In this condition, mechanical stretching of
fibroblasts more ameliorates the TGF-β1 signaling path-
way, and it also stimulates these cells to produce growth
factors and metalloproteases tissue inhibitors as a preven-
tative agent for metalloproteinase (Eckes et al. 2006). Re-
ducing activity of metalloproteinase may increase colla-
gen deposition due to lowering collagen degradation. Col-
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lagen deposition is the result of new collagen synthesis,
minus any collagen degradation due to metalloproteinase
activities.
There was not any significant difference between
serum-starved HDFs with HA exposure and with 50%
BVG, with regard to proliferation index, collagen deposi-
tion capacity, and migration capacity (p > 0.05), although
the result with BVG was slightly better than the one with
HA. The slight improvement may be due to the fact that
BVG contains not only HA but also collagen and GFs
(Courty et al. 1986).
One of our study limitations was the absence of
data for the detection of HDF replicative senescence for
those cells cultured in serum-starved medium. Replica-
tive senescence of HDFs can be detected by senescence-
associated galactosidase staining, and this is a method
commonly used by many researchers. By not carrying out
senescence-associated galactosidase staining in this study,
replicative senescence of targeted cells could not be con-
firmedwith certainty. The study also did not confirm TGF-
β1 signaling in treated cells by signaling protocol, and
therefore the improvements observed for those cells are
uncertain due to the re-expression of TGF-β1 receptors on
fibroblast membranes.
5. Conclusions
It can be concluded that, when used as hydrated extracel-
lular matrix, BVG can reactivate serum-starved HDFs as
effectively as hyaluronic acid. This research may there-
fore serve as a starting point for futurefor animal studies
and clinical studies, so that clinical application of BVG
may ultimately be used as a treatment for chronic ulcers.
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